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Abstract — In this project work, a three phase single stage three level Converter is 
implemented for a wind energy conversion system. The proposed system is designed for a 
three phase wind driven Self-Excited Induction Generator (SEIG). The SEIG output is 
rectified with zero-dead band condition and the output of the converter is continuous. The 
three level converter is designed and the performance characteristics are studied. The three 
level converter is operated at a switching frequency of 50kHz to obtain a constant three level 
output. The proposed model has been simulated in MATALAB Simulink. The hardware 
prototype model is developed for a lower power rating and the results are compared. 

Index Terms — Terms — Three Level Converter, Self-Excited Induction Generator (SEIG), 
Wind Energy Conversion System (WECS), Zero Dead Band. 

L Introduction 

The demand of power for any application is increasing every day. The renewable energy resources are under 
considerations since last few years as they are environment friendly. The major fact that the implementation 
of renewable energy resources like wind energy conversion system [6] requires a conversion techniques for 
the applications purpose. The power output from the wind energy system using an AC generator probably 
produced AC output. Based on the requirement the conversion from AD-DC is done using various 
converters. The main objective is to produce the efficient conversion. This can be possible only by modeling 
an efficient power converter. The three phase ac-dc power conversion is efficient only when the power factor 
is correction is performed in the input side so as to apply to various applications. The performance of such 
converter circuits with input power factor [9]-[10] corrections (PFC) is analyzed using the transformer 
isolation techniques involving a three phase ac-dc converter and a normal full bridge converter at the load 
side [1]. The implementation of an AC -DC converter at the supply side and the DC-DC converter at the load 
side is never been effective economically also, the switching control techniques are more complicated. 
Obtaining a cost effective technique with simple control strategies are effective which is explained through a 
single stage three level converter [2]. The point of obtaining the converter effectiveness with power factor 
correction could be further implemented in the wind energy conversion technique. 

The self-excited induction generator [3] is used as the wind power generator for supplying the power to the 
converter circuit and thus by achieving the output effectively, the results are discussed. The self-excited 
induction generator being the fixed speed induction generator has more practical aspects as the experiments 
conducted using the prime mover characterizes the real time implementation of the wind energy conversion 
system. 
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The block diagram of the proposed work is shown in the figure 1. 
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Figure 1. Proposed block diagram 

The Self-Excited Induction Generator is operated similar to a wind driven system. The basic modeling of the 
SEIG with the machine equations is studied for varying wind speed. The output is a three phase which is 
supplied to the single stage multilevel converter. The single stage [4] multilevel converter has the 
rectification stage coupled magnetically to the three level dc-dc converters. The power factor correction is 
performed in the input side thought the converter topology and fed to the applications. The performance of 
the wind driven SEIG is modeled using the values of the excitation capacitance tested practically with 
varying input conditions. 



II. Modeling Of Proposed Converter 

The proposed converter consists of the rectification stage coupled magnetically to the three level dc-dc 
converter. The input AC supply is converted to DC through the rectification and the coupling circuit 
performs the single stage conversion. The modeling of the proposed converter is shown in the figure 2. 
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Figure 2. Proposed converter with SEIG 

Resonant converters, it can be controlled by varying switching-frequency control, which makes it difficult to 
optimize their design as they must be able to operate over a wide range of switching frequency. These 
converters have two conversion stages that allow a portion of the power that is transferred from the input to 
the output to be processed only once. It is for this reason that they are considered by some to be single-stage 
converter [7], but they have two converter stages and so have the cost and complexity associated with two- 
stage converter. Voltage-fed, single-stage, pulse-width modulation converters [8] with a large energy-storage 
capacitor connected across their primary-side dc bus. The drawbacks of resonant and current-fed converters 
are not present here. They operate with fixed switching frequency, voltage overshoots and ringing from 
appearing across the dc bus is prevented by the bus capacitor. Voltage-fed converters have the following 
drawbacks such as: The primary-side dc bus voltage of the converter may become excessive under high- 
input-line and low-output-load conditions. The high dc bus voltage results in the need for higher voltage 
rated devices and very large bulk capacitors for the dc bus. The new voltage-fed converter has more 
advantages than the conventional converters. The peak voltage stresses of the converter devices is reduced, as 
the switch voltage is limited to half the dc-bus voltage. It is free from distorted input currents, discontinuous 
output current, and the use of variable switching frequency. The proposed converter has wide output load 
variation (from 10% of full load to a full load that is greater than 500 W), PWM control, excellent pf, a 
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continuous output inductor current, without its components being exposed to excessive peak voltage stresses. 
The multilevel converter has dc bus voltage which can be split equally among the capacitors so that the 
capacitors and the converter switches are not exposed to the full dc bus voltage, but are exposed to half of it. 
This allows greater flexibility in the design of the converter as there is less need to constrain the dc bus 
voltage. It has greater flexibility in the converter design that allows for improvements in the performance of a 
single-stage full-bridge converter. The proposed converter is shown in Fig. 2. It consists of an AC input 
section, a three-level dc-dc converter, and dc link circuitry that is based on auxiliary windings taken from the 
main power transformer. 



III. Modeling Of SEIG 



The Self Excited Induction Generator [3] [5] is modeled based on the electrical machine equation is the 
reference frame theory. The wind turbine is modeled using the mechanical power equation, 

P m =0.5pAC p i7 3 w (1) 
Where, p is the air density (kg/m 3 ), A is the turbine swept area, C p is the performance coefficient of the 
turbine, and v 3 w is the wind velocity. 

The mechanical power is derived using the performance coefficient which is related to the blade theory and 
the turbine design. The blade theory gives the relation between the Tip Speed Ratio (TSR) which is given as, 

C v = 0.22(1 161 r 0.4p-5)e- 12s;l ' (2) 
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Where: p is the pitch angle (degree) and X is the TSR which is given by, X = cn m RJV w . From this the 
mechanical torque is given as, 

T m = P m /«v (4) 
Where cn m is the rotor angular speed (rad/sec) 

The modeling is generally based on the d-q axis equations which is generally represented as in the form of 
Matrix, 
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Where 

id S and are the Stator direct and quadrature current components respectively, 
Vtf S and ]/£ are the direct and the quadrature voltage components respectively, 

R s is the stator resistance, L d and L q are the direct and quadrature inductance respectively, P is the number of 
pole pairs, and v|/ pm is the magnetic flux (weber) 
The electromagnetic torque is given by, 



From the mechanical equation the electromechanical torque equation is given as, 

T m -T e = Jda> m / dt + Ba> m 
Where J is the inertia of the machine and B is the friction co-efficient. 



(6) 
(7) 



IV. Converter Operation 

During the first stage, switches T, and T 2 are ON and energy from the dc-link capacitor C\ flows to the 
output load. Since the auxiliary winding generates a voltage that is equal to the total dc-link capacitor voltage 
(sum of Ciand C 2 ), the voltage across the auxiliary inductor is the rectified supply voltage. This allows 
energy to flow from the ac mains into the auxiliary inductor during this mode, and the auxiliary inductor 
current increases. The supply voltage can be considered to be constant within a switching cycle as the 
switching frequency is much higher than the line frequency. The current in the auxiliary inductor at the end 
of this stage is, 

h = V -f (8) 
Where V Jc is the rectified dc voltage, L is the inductor. 

The equation (8) can be represented in terms of Duty cycle and the frequency as, 



21 



^ 2/sw 

Where D is the duty cycle and f sw is the switching frequency. 
Similarly, the output current which is continuous can be represented as 

f v dc av,q 



(9) 



2 \ rVL *^~ (10) 
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Figure 3. Modeling of Proposed SEIG 
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V. Simulation and Results 



The proposed system is modeled for the SEIG and the proposed converter using the MATLAB 8. The SEIG 
is mathematically coded using Matlab program through machine equations. The figure 3 shows the modeling 
of the SEIG system for the proposed converter. 

The modeling consists of the machine input data as the wind turbine input. The V qs , V ds , L^, I ds , L^, I dr , W, and 
t are the derived input of voltage and current of the quadrature and direct stator and rotor axis, angular speed 
respectively. The Input parameters are inertia (J g ), stator, rotor resistance (R s and R r ), stator, rotor inductance 
(Ls and L r ) and the number of poles (P). The physical input data are wind velocity (V w ), Rotor radius (R), 
Diameter (D) and gear ratio (G,). Using the above data, the Speed, Young's constant, rotor torque and power 
are determined. The mutual inductance is calculated for the current range based on the required design. The 
power then extracted are determined though the input derived values. 

The values of the excitation capacitance is determined using no load saturation curve of the machine is 
obtained at normal rated frequency. The voltage source is applied to the stator of the induction machine while 
its rotor is driven by the DC motor at a constant speed corresponding to the synchronous speed of the 
machine at 50Hz. It is customarily assumed that the magnetizing current is the difference between stator 
current and rotor current referred to the stator. In the present case the slip is very small (practically zero) 
which implies that the magnetizing branch current is essentially measured stator no load current. The no load 
characteristics of the SEIG as shown in Figure 4. The critical capacitance is limited by the linear region of no 
load curve, below this value if the capacitance is chosen the voltage will never buildup and excitation fails 
initially. The minimum capacitance value is limited by the rated voltage of the machine; if we choose below 
this value the rated voltage will not be generated. The maximum value of capacitance used is limited by the 
rated motor current. If a capacitance exceeds the maximum value current flow will be more than the rated 
current which leads to heating of stator core. 

The Maximum and the Minimum Capacitance value are calculated for the frequency, f = 50Hz. During one 
switching cycle, the output filter inductor is large enough to assume that the output current is constant and is 
much greater than resonant inductor L,. The capacitor Ci is large enough to assume that the voltage is 
constant and ripple free. The boost operation is obtained for the Modulation Index (MI) 0.7 with constant 
voltage. 




Phasecurrent(A) 

Figure 4. No Load characteristics of SEIG 

Xcq - Critical capacitive reactance is limited by linear region. 
X cm in - Minimum capacitive reactance is limited by rated voltage. 
Xcmax - Maximum capacitive reactance is limited by rated current. 

The simulation results for the 400W wind turbine and the proposed converters are as shown in the figure 5. 
VI. Hardware Implementation 

The hardware implementation is the prototype model of the proposed system. The hardware is implemented 
on the converted design using the 40 Pin microcontrollers 8051 for a 230W system. The input voltage is the 



23 



three phase supply which is controlled using auto transformer to provide low input voltage and current. The 
hardware setup is shown in the figure 6. 
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Figure 5. Simulation outputs (a) SEIG phase voltage, Vin (b) Uncontrolled rectifier current, Idc (c) Inverted output voltage, Vs (d) 
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Figure 6. Hardware Prototype model of proposed method 
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The hardware results are obtained for the different load values. The figure 7 shows the hardware outputs 
recorded. 




Figure 7. Hardware results of Output Voltage, V out 

The output current obtained is 4.1 A and the voltage is 45V. 

The output values for different load values are determined and the results are discussed as in the table 1 



Table I. Output For Different Load Values 



Load 

R(H) 


Voltage (V) 


Current (A) 


10 


46.06 


4.60 


12 


46.41 


3.86 


14 


46.67 


3.33 


16 


46.87 


2.93 


18 


47.03 


2.61 


20 


47.16 


2.35 



The proposed converter characteristics are shown as in the figure 8. 
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Figure 8. Output characteristics (a) Steady State Characteristics (b) I-V Characteristics 



vn. Conclusion 

Thus a three-phase, single-stage voltage-fed, three-level, ac/dc converter which operates with a three phase 
wind driven SEIG system operates.. This converter can operates with a better efficiency and with less output 
inductor current ripple and universal input voltage and wide load operating range. The results of simulation 
for conventional and proposed method with R load and hardware implementation is presented and the results 
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are obtained. The analysis on the output characteristics deliver that the implementation of the wind energy 
conversion system has greater utility used for the prosed techniques. 
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